ABSTRACT. All companies which have to pay fixed costs face the problem of operating risk measured by operating leverage. In the case of sales growth (fall), the mechanism of operating leverage accelerates a rise (decrease) in operating profit. The strength of the impact of the operating leverage effect depends on the share of fixed costs in the structure of operating costs. The bigger the share, the stronger the change in the sale volume multiplies the change in operating profit. This is the reason why companies that are heavily burdened by fixed costs, specifically depreciation, should be characterized as those having a higher level of operating risk. The aim of the research the results of which are presented in this article was to test two hypotheses: firstly, production companies are characterized by a higher level of operating risk than service and trade enterprises and, secondly, the lowest level of operating risk characterizes trade companies.
Introduction
Each business entity taking decisions how to distribute resources is exposed to the risk of volatile conditions in which the decision was taken. For example, the choice of a specific basket of goods by the consumer ceases to be optimal if at the time of the purchase the price of at least one of the goods is different than at the moment when the decision was taken. Another example, which is a common experience of all companies, is a level of sales that diverges from the plan. If entrepreneurs sell less than planned, they will make a lower operating profit, and the decrease will bring a lower net profit. The relationships between the decrease levels may be more, or less strongly correlated.
The impact of the changes in the sales volume on the change in operating profit depends on the scale of operating risk. "Operating risk is related to the uncertainty about future operating cash flows of the company" (Duliniec, 1997, p. 47 ). These in turn are strongly dependent on the operating profit (EBIT). Some authors define operating risk as the possibility of divergence of operating profit from its projected value (Brigham, 1996, p. 173) .
The model used to analyze operating risk breaks down costs into fixed and variable, where the unit variable cost is fixed. This means that the function of the operating profit is linear: Kalinowski, S. (2017) 
where: EBIT -operating profit, Q -sales volume, p -price of goods sold, v -unit variable cost, F -fixed cost.
Since the days of pioneering research on operational risk in enterprises until today it has been measured by means of the degree of operating leverage (DOL -degree of operating leverage), defined as (Arellano, Scofield, 2014 ):
where:
R -sale revenues that changes only under the influence of changes in sale volume; analysis of operating leverage assumes a constant sales price (R=Qp).
The degree of operating leverage measures how many times the growth rate of operating profit exceeds the growth rate of revenues caused by an increase in quantity sold, which is the primary cause of both changes. In the event of a decrease in sales a relative change in EBIT and R have a negative sign, however, the DOL still remains positive.
To identify the factors affecting the value of the degree of operating leverage a few simple transformations should be made:
Formula (3) shows that the degree of operating leverage depends on the initial level of revenues and operating profit, but also on the contribution margin percentage. Following Vollmuth, the author understands the value contribution margin as the ratio of the difference between revenues and variable costs to total revenue (Vollmuth, 1995, p. 73) . In relative terms, it can also be expressed as the quotient of the difference between the price and variable unit cost, and the price. Therefore, a hypothesis can be formulated that companies pursuing higher relative contribution margin will have a higher degree of operating leverage. It is commonly believed that trade companies are characterized by the lowest level of relative contribution margin, making profits on the low percentage of contribution margin and a high level of sales volume. Production companies and service providers will be characterized by a higher level of contribution margin coverage and hence a higher level of DOL.
Further transforming the formula (3) we get:
This form of the formula defining the DOL indicates a significant positive correlation with the level of fixed costs. The higher is the fixed costs, the higher is the operational risk. In the production sector the burden of tangible fixed assets generates high depreciation costs, which constitute the dominant part of fixed costs. Hence, the hypothesis that production companies are characterized by higher levels of the degree of operating leverage than service and trade companies is taken in this article.
The goal of empirical research which constitutes the core of this article is to test the hypothesis which proposes that among Polish companies listed on the Warsaw Stock Exchange the production sector companies will have the highest level of DOL, while the trade companies the lowest.
Earlier studies
Estimating the degree of operating leverage based on empirical data was initially carried out by means of Lev's (1974) pioneering method. He examined the relationship between the levels of operating and financial leverage and the systematic risk for 121 US public companies from the sectors of: electricity, steel and fuel production. The homogeneity of products in these industries enabled Lev to estimate regression equations for each company (Lev, 1974, p. 633) :
where: TCjt -total cost of the company j in period t, aj -fixed cost of the company j, vj -variable cost per unit of product of the company j, Qjt -amount of goods sold in the company j in period t, εjt -value of the random factor. The choice of industries with homogenous production brought very high average values of determination coefficients, R 2 =0.98 in the energy and fuel sectors, and 0.96 in the steel production sector. The values of fixed cost and theoretical EBIT allowed the author to determine the DOL for the companies surveyed. The test result indicated that the lower the variable cost per unit, the higher the degree of operating leverage. Later studies did not confirm this relationship (Boetsman, Revsine, 1978; Gahlon, 1981) .
Another approach to DOL estimation was adopted by Mandelker and Rhee (1984) . Starting with the treatment degree of operating leverage as a measure of elasticity they estimated the DOL using the regression equation (Mandelker, Rhee, 1984, p. 50 
The factor Lj is closely linked to the degree of operating leverage. It is also a slope of the linear regression equation in which the dependent variable is the natural logarithm of operating profit and the explanatory variable is the revenues' logarithm. The Mandelker and Rhee method is simple to use, but it brings results that are difficult to interpret from a theoretical point of view. For 10 industries analyzed, the authors obtained the DOL of less than 1 in seven cases (Mandelker, Rhee, 1984, p. 50) . If fixed costs are present in the cost structure of companies, and it is so in nearly every case, the degree of operating leverage should be higher than 1. It should be noted that the authors needed the DOL to detect the relationship of this variable with the variable β describing the systematic risk. For this purpose what is important is the variation and not a value. The second canonical approach to estimating the degree of operating leverage is -O'Brien and Vanderherheiden's idea (1987) . They proposed estimating DOL in two stages. First, they estimated the trend equation for natural logarithms of operating profit and sales revenue (O'Brien, Vanderherheiden, 1987, p. 47 ):
where: g -growth rate of the expected level of operating profit, t -subsequent period number in the time span of the analysis, μt -relative deviation of the expected value of operating profit from the actual value; compound percentage by which the change in EBIT compared with the expected value.
The authors designated a similar equation trend for sales revenue:
where: h -growth rate of the expected level of operating profit, λt -relative deviation of the expected value of revenue from the real value; compound percentage of sales compared to expected value. Estimation of μt and λt parameters allows us to determine the regression equation, in which the degree of operating leverage is the parameter:
where: D -a variable closely related to the degree of operating leverage. The absolute term of the equation (9) equals zero, because the growth rates, which are variables here have means equal zero. DOL is the regression coefficient of the equation because it measures the average sensitivity of the operating profit deviation from the trend to the average deviation of sales from the trend.
The authors compared the results of applying this method (O&V) and Mandelker and Rhee's method (M&R) on a sample of 100 US companies. The conclusions spoke in favour of the new approach. The DOL values did not fall around 1 on average when the new method was applied, as in the case of the M&R method. Moreover, the vast majority of companies (73) showed a level of DOL greater than 1, which is closer to the theoretical indication. Thirdly, in the case of 64 companies the estimated DOL meet the assumption of constant measure of operational risk (O'Brien, Vanderherheiden, 1987, p. 49) .
From the perspective of this article, it is important that O'Brien and Vanderherheiden also tested the hypotheses about the impact of tangible fixed assets on the level of DOL. They built four indicators describing this factor: the relationship of assets to sales revenues, the relation of depreciation to sales revenues, the share of fixed assets in total assets, and the relation of depreciation to total assets. Unfortunately, in none of the four cases did they observe a statistically significant relationship (O'Brien, Vanderherheiden, 1987, p. 50 ).
An independent comparison of the methods (M&R) and (O&V) was made by Dugan and Shriver (1992) . Using the data from 245 companies in seven industries they counted their DOL using both methods. They adopted two hypotheses. First, the degrees of operating leverage for a given industry are the same for both methods. Secondly, the share of companies with DOL factor higher than 1 is the same, regardless of the method used (Dugan, Shriver, 1992, pp. 314-315) . The first hypothesis was rejected. So was the second one. The (O&V) method brought a much larger percentage of companies with DOL> 1.
The inability to obtain financial data on the division of operating costs into fixed and variable ones forced the researchers who studied relationships between accounting measures of risk and market systematic risk to use a surrogate measure for the degree of operating leverage (proxies). Novy-Marx used the ratio of operating costs to assets (2011, p. 110). Gulen, Xing and Zhang accepted the share of fixed assets in total assets as a surrogate variable (2008, p. 21) . None of these attempts brought DOL estimates that can be interpreted from a managerial point of view.
In the further part of this article we will propose a method of calculating the degree of operating leverage using available accounting data for companies listed on the WSE. To test it, an empirical study was conducted to verify the differences in DOL levels among industries: manufacturing, trade and services.
Description of the test method
The research sample comprised 84 companies listed on the main market of the Warsaw Stock Exchange (35 manufacturing, 37 services and 12 trade companies). The sample structure corresponds to the structure of the population. Additionally, the sample selection process aimed at identifying those companies that could show a sufficiently long reporting history as the public market entity.
The first step was the estimation of linear regression equations describing the total operating cost for each of the analyzed companies. To eliminate the impact of price changes on the volatility of revenues and operating costs, the quarterly time series were limited to the prices in the first quarter of 2014, using quarterly indices of CPI. Counting the operating costs in fixed prices depreciation was left out for the time of multiplication by appropriate deflators. As an expense that is not subject to the current impact of inflation until the next investment, depreciation behaves differently than other operating costs. In order to minimize the distortion of results, it was assumed that depreciation in financial statements is already expressed in fixed prices
1 . This resulted in a series of revenues and operating costs whose volatility arises solely from changes in the quantity sold.
Then, regression equations were estimated for each company:
TCit -theoretical total cost of operating the company i in a quarter t, Fi -quarterly theoretical total fixed cost of the company, Rit -revenues of the company i in a quarter t, vi -theoretical variable cost per unit per 1 zloty revenue in the company i, ε -random error.
The absolute term and the slope (the regression coefficient) of the regression equation allow to divide the operating cost into fixed and variable ones. Potentially, time series covered the period from the 1Q1998 to the 1Q2014. Regression equations were estimated for the periods for which it was possible to obtain statistically significant parameters of the linear equation (α=0.05). Problems with estimating the regression equation for the whole time span of the analysis occurred, for example, while in its course a huge investment was being made which dramatically increased the production capacity. A sample graphic interpretation of the estimated regression equation for the Kompap company in the period of the 1Q2004 -1Q2014 is shown in Figure 1 . It became possible to obtain a series of operating profits calculated from the theoretical values of operating cost. The DOL was calculated for each quarter according to the formula (4):
where: DOLit -degree of operating leverage of the company i in the quarter t, EBITit -theoretical operating profit of the company i in the quarter t.
Subsequently, we omitted those quarterly DOL values that were incompatible with the essence of operating leverage, namely those negative (changes in revenue and operating profits with different characters) or positive, but lower than 1 (operating profit changes more slowly than revenues, despite the presence of fixed costs in the structure of operating costs). The maximum and minimum values were also removed from the list of values of operating leverage degree for each company. In fact, quite frequently near zero positive EBIT values occurred, which resulted in enormously high values of operating leverage degree. An arithmetic mean was calculated based on the remaining values.
Results of the study
As noted earlier, the subject of the analysis was the financial statements of 84 companies from the main trading floor of the Warsaw Stock Exchange. They were subdivided into three industry subsets:
 Table 1 presents the estimation results of regression equations for operating costs and operating leverage for companies in the sample. It also presents a specified time interval for which regression equations were estimated. The results of determination measurement for estimated equations are quite promising. According to Aczel's classification (Aczel, 2000, p. 493) , 59 regression equations are characterized as very well adapted (R 2 > 0.9), 11 well adapted (0.9> R 2 > 0.8) and 9 satisfactory (0.8> R 2 > 0.6). Only 5 companies are described by the R 2 coefficient lower than 0.6. Column 8 in Table 1 is the most important one because it presents average values of the operating leverage degree for each of the companies analyzed. The highest value was recorded for Tauron SA, one of the main producers of electricity in Poland. The company has been listed since 2010. The financial data made it possible to calculate the quarterly DOL, in which, after the removal of the maximum (48.2) and minimum (1.8) values, there were still cases of 44.2 and 25.7. These high DOL values result from the low level of EBIT in respective quarters. The lowest value of the operating leverage degree represents the level of operational risk in Drop SA (1.31). This company operating in the area of waste management, owes the low level of operational risk to the low value of fixed costs in relation to operating profit.
To examine the samples compared, the basic statistics were initially calculated for each of them. Although it is insignificant from the perspective of statistical inference, test averages are arranged in accordance with the accepted hypotheses. Source: own research. It is important to note that the DOL values in each of the three trials met the test of distribution normality. The results are inconclusive. Both tests gave an indication of compliance with normal distribution for the sample of trading companies. In the case of production companies, Shapiro-Wilk's test allows to reject the null hypothesis of compliance with normal distribution. The Kolmogorov-Smirnov's test with Lillefors correction gives the opposite indication. The tests change their indications for the sample of service enterprises. Source: own research.
The results of the test of distribution normality caused that the hypotheses adopted in the study were tested both with parametric and nonparametric tests. Source: own research.
The values of the degree of operating leverage for production companies are higher in comparison with the values for the trade sample. This result is consistent with the adopted hypothesis. The test of variances conformity does not allow to reject the nul hypothesis that the variances are different. Source: own research.
The values of the degree of operating leverage for production companies are higher compared with the values in the sample of service companies. This result is consistent with the adopted hypothesis. The test of variances conformity allows for the rejection of the hypothesis that values vary. Source: own research.
The values of the degree of operating leverage for the service companies are higher in comparison with the values in the sample of trade companies. This result is consistent with the second hypothesis that was put forward. The test of variances conformity does not allow for the rejection of the hypothesis that their values vary.
The first hypothesis proposing that production companies have the highest values of the degree of operating leverage, is strongly supported by the results of the Student's t-tests. What raises doubts is only the statistically significant difference between the values of the variance for production and trading companies. The second hypothesis that trade companies have the lowest DOL values has passed the test with the reservation that the variances are significantly statistically different.
Certain shortcomings of parametric test results prompted the author to carry out nonparametric Mann-Whitney U tests (1947) . The reason for this were inconclusive test results of distribution normality and statistically significant differences in pairs of variances with the sample of commercial companies. Source: own research. Source: own research. In a statistically significant manner the nonparametric Mann-Whitney U test confirmed the superiority of the degree of operating leverage in companies in the production sector over the risk level in the other two samples. Higher share of the fixed costs within operating cost in the production sector induced by the higher depreciation and other fixed production costs causes statistically significant higher operating risk. Unfortunately, with 5% significance level one cannot reject the hypothesis that operational risk is greater in service companies than in trade ones. However, raising the level of significance to 10% improves the statistical significance of the expected hypothesis.
Conclusions
At the beginning of the article two hypotheses were adopted. The first one proposed that production sector companies are characterized by the highest level of operational risk. The second one was the assumption that the lowest operational risk occurs in trade companies. The first of these hypotheses was confirmed by statistically significant test results, particularly the results of the nonparametric Mann-Whitney U test. The second hypothesis was supported by the Student's t-test results in two independent samples. Unfortunately, at the same time it turned out that there was a significant difference of variances between service and trade companies.
Empirical data tests for public companies were also aimed at verifying the new method of estimating the degree of operating leverage. The method proposed by the author has two important advantages. First, it brings values greater than one that can be interpreted from the managerial point of view. Secondly, it can be applied using generally available financial data. Particularly, the first advantage favourably distinguishes the proposed method from those previously used. The proposed method can't be applied in the cases of enterprises making considerable investments relatively often. This makes deriving statistically significant Fi coefficient impossible.
Further research may investigate the influence of the business cycle dynamics on the level of the operating risk. The hypothesis could be: economic slowdown rises the level of the operating risk, hence EBIT is falling down and fixed cost remains fixed.
